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Abstract 
 
-Zn2SiO4 have been prepared by a sol-gel method. 
Transformation of crystal phases in nano powders has been characterized by XRD and SEM. 
"), and conductivity 
ac) related results have successfully been studied. The XRD profiles have shown that a sample 
sintered at 950oC (optimized) has displayed well defined features. The results thus obtained in 
the present work, are quite encouraging and found these materials could be suggested as novel 
materials with potential applications. 
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1. Introduction  
Over the past several years, sol-gel technique has been considered as a versatile 
procedure, in the production of a wide variety of optical materials [1] and it offers a clear 
advantage over other methods in achieving uniform size distribution of dopant ions in the host 
matrices [2].  Zinc silicate (willemite, Zn2SiO4) has long been identified as a good host matrix 
for dopant rare earth or transition metal ions, in the display of encouraging luminescent primary 
colours of blue, green and red [3-5]. Several reports have earlier been made towards the 
preparation of zinc orthosilicates in different forms [6-9]. The investigations on willemite -zinc 
silicate ceramics have been considered to be technologically important; because of the fact these 
materials possess good mechanical strength, electrical conductivity, thermal conductivity, low 
coefficient of thermal expansion and dielectric properties. In the present work, willemite - 
Zn2SiO4 ceramic powders have been undertaken to investigate their structural, thermal, 
dielectric and electrical conductivity properties. 
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2. Experimental Method 
 All the chemicals used in the experimental were of analytical and high pure grade from 
M/s Merck and Sigma Aldrich. The precursors were TEOS (SiOC2H5)4 (99% Aldrich) as SiO2 
Source, Zinc nitrate (Zn(NO3)2 as ZnO source, and high pure ethanol (EtOH) as the solvent and 
0.2 ml of HCl as the catalyst. Fig.1. shows a flow chart giving the preparation procedure of 
Zn2SiO4 nano powder in sol-gel method.  In brief, Tetraethylorthosilicate (TEOS) and 
(Zn(NO3)26H2O) were weighed by maintaining a 2:1 molar ratio and those were separately 
dissolved in appropriate amounts of ethyl alcohol (EtOH) and after that each of these solutions 
was stirred for 15 min. then the zinc nitrate sol was added drop wise into the container of SiO2 
solution. After, a required amount of 0.2 ml HCl was added as the catalyst for the hydrolysis of 
TEOS, after a few minutes of stirring, a clear and transparent nature solution was obtained, 
again each of which was continuously stirred for about 12 h at ~75 80oC and this solution was 
cooled to room temperature and thus more transparent xero-gel were obtained by allowing the 
precursor to get evaporated naturally in air for 2 or 3 months. Such dried gels were baked at 
120ºC for 12h.  Finally, zinc silicate fine powders were therefore and each of them was sintered 
at different temperatures for 2 h. 
                
 
  
Fig. 1 Preparation of Zn2SiO4 nano powder 
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3. Results and Discussion  
 
3.1. Structure 
 
The silicates are the interesting and complicated class of minerals than any other 
minerals. Silicates are based on the basic chemical unit SiO44-, tetrahedron shaped anionic group 
(Fig.2 (a)). The central silicon ion has a positive charge with four oxygen having charge of 
negative two (-2) and thus each silicon-oxygen bond is equal to one half (½) the total bond 
energy of oxygen. This condition leaves the oxygen with the option of bonding to another 
silicon ion and therefore linking one SiO44- tetrahedron to another. Fig.2.(b) shows the 
transparent nature of xerogel Zn2SiO4 in an orderly fashion forming three-dimensional 
continuous net work. Fig.2.(c) provides the structure under ordinary conditions Zn2SiO4 
(willemite) crystallizes in the rhombohedral pace group (3)R  (No.148) adopted following the ref 
[10].  
 
 
 
 
Fig.2. (a) The number of SiO44- units that are connected together by sharing the oxygen atoms, 2.(b) Transparent       
nature of xerogel zinc silicate in an orderly fashion forming and 2.(c) Structure of willemite - Zn2SiO4. 
3.2. TG-DTA Analysis  
TG-DTA simultaneous measurements have been carried out at a heating rate of 
10oC/min, in N2 atmosphere acting as the purging gas, to characterize the behaviours of the 
Zn2SiO4 precursor. The typical TG and DTA profiles of the Zn2SiO4 dried gel are shown in 
Fig.3. The TG profile of  fig.3 show significant weight loss between 68oC and 600oC;  these 
observation show all chemical reactions could be causing weight losses, such as decomposition 
of the organic polymeric network with an evolution of CO2 and H2O [11] and that may be due to 
the nucleation temperature [12]. Fig.3 reveals total weight loss in three stages: (i). initial 
weights loss of Zn2SiO4 in the temperature range between 68.0oC and 247.9oC and endothermic 
 2. (b) 
 2. (c)  2. (a) 
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peaks at 94.5oC and 144.5oC; is due to dehydration and rudimental ethanol. (ii).a second 
significant weight loss in Zn2SiO4 temperature is between 277.7oC and 359.0oC; that are caused 
by the decomposition of zinc nitrate. Zn2SiO4 with endothermic peaks at 221.3oC and 240.0oC is 
due to the dehydroxylation of Si-OH in to SiO2; decomposition of the NO3 and removal of 
CH3COO-, C2H5OH, OH-in the sample [13] and (iii) a third weight loss in Zn2SiO4 could be 
occurring between 359oC and 600oC with exothermic peaks located at 318.3ºC and 4549.6ºC; 
because of oxidation organic groups. No, weight loss of precursor has been observed beyond 
600oC. Weak exothermic peaks of Zn2SiO4 at 450.9ºC are due to the solid phase reaction of 
ZnO with the distribution of non-crystal SiO2, Zn2SiO4 crystal [14]. 
 
 
Fig.3. TG-DTA profile precursorof Zn2SiO4 
 
3.3 XRD analysis 
In order to confirm the occurrence of phase transition in above sample, the DTA results 
are compared with the X-ray diffraction (XRD) analysis performed on various heat treated 
samples. Fig.4 shows the X-ray diffractions profiles of Zn2SiO4 at different temperatures and 
from those, it is noticed that the as prepared Zn2SiO4 powder is completely vitreous, with no 
sharp crystalline peaks thus indicating that the Zn2SiO4 powder in amorphous nature. After a 
heat treatment at 500°C and 600°C, some strong diffraction evidence of residual ZnO phase 
could be seen in Fig.4, the residual peaks agree well with the standard pattern of ZnO (JCPDS 
card No. 36-1451 space group number 186), this suggests that Zinc nitrate gets decomposed 
completely but no Zn2SiO4 phase found at this temperature. With an increase of the calcination 
temperature to 700°C, some peaks corresponding to Zn2SiO4 appeared; however, the main 
crystal phase was still ZnO. However, with an increase of the calcination temperature to 750oC 
the formation of ZnO becomes completely suppressed and a single phase of crystalline willemite 
-Zn2SiO4 could alone be obtained. This implies the nucleation temperature of willemite phase 
[15] is located at 750oC. All the diffraction peaks are assigned to willemite - Zn2SiO4 phase 
(JCPDS Card No.14-0653 with space group 148). On further increase in heating temperature, 
peak intensities are increasing. At 950o  = 33.99 (1 4 0) becomes extremely  
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intense showing full crystallization at the expense of ZnO to give a single phase willemite        
- Zn2SiO4 Rhombohedral structure (JCPDS card No.79-2005, with space group number  (3)R        
(148)) [16]. From, these observations of XRD patterns we can say that  when calcination 
temperature is  750oC, XRD pattern of the sample shows the characteristic peaks of ZnO 
crystalline phase, non-crystalline SiO2 and -Zn2SiO4 crystalline phase. Five intense diffraction 
peaks recorded are at d= 6.811, 3.457, 2.819, 2.622 
(2 2 0), (1 1 3), (1 4 0) and (2 2 3) lines respectively. This indicate the signature of 
Rhombohedral (a= b and c) structure.  
 
 
 
Fig.4. XRD profiles of Zn2SiO4 nano powder at various temperatures. 
 
Table.1 3 of the Rhombohedral 
crystal system willemite - Zn2SiO4 with space group (3)R  (148). 
 
 
The average particle size of the powder prepared in sol-gel method has been calculated to be 
58.34 nm according to the Debye-Scherrer equation. 
 
 
 
 
 
 
3 
 
Space 
group 
 
a:c 
 
Ref. 
13.929 
13.929 
13.618 
13.948 
9.329 
9.305 
9.305 
9.315 
1567.77 
1563.50 
1560.52 
1569.41 
(3)R  
(3)R  
(3)R  
(3)R  
1.49 
1.49 
1.46 
1.49 
[9] 
[ 17] 
This work 
JCPDF no: 
79-2005 
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3.3. SEM and EDXS (Energy dispersive x-ray spectroscopy) analysis 
 
Fig.5 shows the image of willemite -Zn2SiO4 nano powder sintered at 95
It could be observed that -Zn2SiO4, aggregated and non uniform particles were observed due to 
size of about 100 nm.  
 
 
 
Fig.5. SEM image of willemite -Zn2SiO4 nano powder. 
 
Fig.6. EDAX profile of willemite -Zn2SiO4 nano powder. 
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Fig.6 shows an EDXS elemental analysis on willemite -Zn2SiO4 nano powder sample studied, 
that was sintered at 950oC for 2hrs in an electrical furnace. The quantitative analysis of 
willemite -Zn2SiO4 nano powder has been obtained by EDXS. 
3.4. Dielectric studies  
The combine plot of willemite -Zn2SiO4 
ction of frequency range of 
100Hz to 1MHz at room temperature as shown in Fig.7 and from this figure it is noticed that 
both parameters are decreasing with an increase of the frequency, which confirms the expected 
behaviour of dielectric materials. The dielectric constant at lower frequency region is decreasing 
 at lower frequency 
and it shows almost frequency-independent behaviour at higher frequencies [18].  Fig.7 shows 
some losses due to the relaxation effect occurring in the sample and Maxwell-Wagner 
interfacial type polarization [19]. 
 
 
Fig.7 Dielectric constant and dielectric loss properties of willemite -Zn2SiO4 . 
 
3.5. Impedance Spectrum  Analysis  
) has been analyzed using Cole-Cole 
plots. Fig.8 shows that the complex impedance plane plot -Zn2SiO4 
powder demonstrates arcs of semicircle. The shape of impedance spectrum gives information 
pertaining to the electrode polarization and also on the current carriers, i.e. those could be either 
electrons or ions.  
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Fig. 8. Impedance plot in the complex plane of willemite -Zn2SiO4 nano powder. 
 
3.6 AC electrical conductivity 
             
ac) with   frequency of Willemite -Zn2SiO4 nano powder and 
           insert figure shows pellet image of the Zn2SiO4 sintered at 950oC. 
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Fig.9. shows the AC conductivity of willemite -Zn2SiO4 nano powder as a function of 
frequency, which is in accordance with the Maxwell-Wagner model also in agreement with 
e increase in conductivity in ceramic sample which 
could be due to presence of grain boundaries, which hinder the mobility of the free alkali ions 
and thereby increasing the conductivity. 
 
4. Conclusion 
 
In summary, it could be concluded that we have successfully synthesized willemite -
Zn2SiO4 nano powders and studied their thermal properties, precursor Zn2SiO4 has been 
considered to measure its TG-DTA profiles a sample sintered at 950oC has exhibited 
satisfactory structural properties. Thus the optimized sintering temperature is found to be 950oC. 
The XRD profiles, SEM analysis and EDAX profiles confirm the composition of Zn2SiO4 
powders. The dependence of dielectric properties and ac electrical conductivities of Zinc 
Silicate nano powder on the frequency of the alternating applied filed is found to be in 
accordance with the Maxwell Wagner interfacial type polarization. The low dielectric losses at 
higher frequency region with low conductivities enable these materials could be used as 
potential materials of applications at higher frequency range. 
 
 
Acknowledgement 
 
One of the authors (BCB) would like to thank the UGC, New Delhi for the award of 
Shri Rajiv Gandhi National Scholarship to him to pursue doctoral degree thesis work at            
Sri Venkateswara University, Tirupati.  
 
 
References 
 
  [1]  Iarzoycki, J., 1997. J. Sol-Gel Sci. Technol., 8, 17. 
  [2]  Larry Hench, L., Jon West, K., 1990. Chem. Rev. 90, 33. 
  [3]  Jin Wang, Jianping Ge, Haoxu Zhang, Yadong Li, 2006. Small, 2, 257. 
  [4]  Takuro Miki, et al., 2004. J. Sol-Gel Sci.Technol. 31, 73. 
  [5]  Caroline Bertail, et al., 2011. Chem. Mater. 23, 2961. 
  [6]  Bhatkar, V.B., Omanwar, S.K., Moharil, S.V., 2007. Opt. Mater. 29, 1066. 
  [7]  Jidi Liu, Yuhua Wang, Xue Yu, Jie Li, 2010. J. Lumin.130, 2171. 
  [8]  Zhenxing Yue, et al., 2009. Ferroelectrics 387, 1 84. 
  [9]  Chun Li, et al., 2010. Nanoscale Res. Lett. 5, 773. 
[10]  Lukic, S.R., Petrovic, D.M., 2008. Scr. Mater., 58, 655. 
[11]  Hongemei Yang, Jianxin Shi, Menglian Gong, 2005. J. Mater. Sci., 40, 6007. 
[12]  EI-Shennawi, A.W.A., Omar, A.A., EI-Ghannam, A.R., 1990. Ceram. Int.16, 47. 
[13]  Mingzhi Dong, et al., 2008. J. Am. Ceram. Soc., 91, 3981. 
[14]  Nagabhushana, et al., 2004. J. Chem. Phys.121, 10250. 
[15]  Ping Yang, Meng Kai Lü, 2002. Inorg. Chem. Commun. 5, 482. 
[16]  Marit Mai, Claus Feldmann, 2009. Solid State Sci., 11, 528. 
[17]  Radenka, et al., 2011. Appl Phys A, 104, 483. 
[18]  Indrajit Sharma, et al., 2004. Mater. Lett., 58, 2423. 
[19]  Koops, C.G., 1951. Phys. Rev. 83, 121. 
[20]  Deshpande, et al., 2007. Bull. Mater. Sci., 30, 497. 
 
 
